Introduction
This supporting informations are prepared for showing to describe the analysis methods more in detail (text S1) and more evidences (Figures S1 to S11 and Tables S1 to S2) to support our arguments in the main text but is not necessarily required to show in the main text.
Text S1. Methods
Experimental design of the prescribed sea-surface temperature
Following the previous studies [Nakamura et al., 2008; Sampe et al., 2013] , we linearly interpolated SST from the poleward flank (at 53°S) of the oceanic front toward the South Pole (black solid lines in Figures 2a-b) , where SST is set to 0°C and sea-ice is assumed to be absent. As in the previous studies [Nakamura et al., 2008; Sampe et al., 2013] , the frontal SST gradient was eliminated for the "non-front experiments" by interpolating SST from the equatorward flank (at 40°S) of the front to the pole (green dashed lines in Figures 2a-b ). This procedure introduces artificial warming over the subpolar ocean and thus artificially enhances heat and moisture release into the atmosphere, which can enhance moist diabatic growth of storms. In the non-front experiments, both the climatological storm-track activity and eddy-driven midlatitude westerlies nevertheless weaken substantially (Fig. S2) , indicative of the importance of the frontal SST gradient for shaping the climatological-mean atmospheric circulation in the extratropics. Importantly, the particular procedure yields no change in subtropical SST. Otherwise, the atmospheric meridional overturning circulation in the Tropics (Hadley cell) and the associated subtropical westerly jetstream would change, giving rise to substantial modifications in the midlatitude westerlies and storm-track activity and thus making it difficult to isolate the impacts of the midlatitude SST gradients. For all the experiments the SST profile in the Tropics and the model Northern Hemisphere (NH) is kept the same, and the profile in the model SH used for the non-front experiments was prescribed in the model NH after imposing the lag of 6 months.
Definition of stratospheric year-to-year variability
The contribution of the leading mode to the total variance of the 13-hPa westerly variability is 80.1 (83.3) % when the steep midlatitude SST gradient (oceanic front) is present (absent). Since the meridional structure of the leading mode of the stratospheric year-to-year variability in our experiments is rather insensitive to the ozone profile ( Figures S9a-b) , we combined the outputs from the two experiments with and without the ozone depletion under the same SST profiles for our EOF analysis that was utilized for constructing Figures 3c-d.
Procedure for SAM time-scale analysis
The definition of "decorrelation time-scale" referred in this paper to evaluate the SAM persistency is basically identical to the one discussed in Baldwin et al. (2003) . After low-pass filtering (31day running mean) is performed on daily time-series of zonal mean zonal wind, its daily climatology (seasonal cycle) is subtracted. We then apply EOF analysis on the daily anomaly time series separately for each pressure level between 20°S to the South Pole. Then auto-correlation analysis is applied on the year-to-year anomaly of PC1 time series for each pressure level and day of year. The decorrelation time-scale is then calculated as the e-folding lag (days) of the autocorrelation coefficient.
Analyses procedure of CMIP models
Both CMIP3 and CMIP5 were led by the World Climate Research Programme's Working Group on Coupled Modelling [Meehl et al., 2007; Taylor et al., 2012] . Outputs from the climate models are available at the web site of the Program for Climate Model Diagnosis and Intercomparison (PCMDI). We focus on particular experiments called "20th century climate in coupled model (20C3M)" and "HISTORICAL" for the CMIP3 and CMIP5 models, respectively, both of which aim to simulate the 20th century climate. Refer to http://cmippcmdi.llnl.gov/index.html for more details. The climatology and trend of the westerlies and oceanic fronts were calculated for austral summer (Dec-Feb) over 20 years from 1979/80 to 1998/99, while those of stratospheric (100 hPa) temperature over Antarctica (poleward of 70°S) were calculated for spring and early summer (Oct-Jan). The climatological latitude of the oceanic front in the midlatitude SH in a given model was identified first by finding the peak latitude of the meridional gradient of zonal-mean SST between 30°S and 55°S in each year and then averaging it over the entire 20-year period. When averaged zonally, none of the SST fields used in JRA-25 and 67 out of those 73 CMI3/5 models exhibits any apparent poleward shift of the SST front during the late 20th century. With oceanic front Figure S5 . Same as in Figure S4 , but for the absence of the oceanic front. Table S1 . List of the 23 CMIP3 models used in the present study. In the second column, "S" and "W" indicate that the SH oceanic front simulated in a particular model is stronger or weaker, respectively, compared to the SST field used for JRA-25. In the third column, "SC" and "NSC" indicate that a cooling trend simulated in the stratosphere (100-hPa) over Antarctica from 1979/80 to 1998/99 in austral spring/summer (Oct-Jan) exceeds the 1% significance level or not, respectively, and "W" indicates that the simulated trend is warming rather than cooling. The fourth column denotes the numbers of grid points in longitude and latitude for atmospheric data provided. Table S2 . Continued.
